S-I : Fabrication of the reflective boundary controller
Supplementary Figure 3 is the circuit module of the reflective boundary controller.
The serial-in/parallel-out (SIPO) shift register is a cascade of 14 edge-triggered JK flip-flops (FF: 74VHC112) connected in series, sharing one clock signal. As a form of sequential logic circuit, it can make the serial-in signal moved within the register from one flip-flop to another at each falling edge of the clock signal, resulting in a discrete delay of the parallel outputs, and the delayed time of the adjacent outputs is the clock's period  , which is tunable. The rising edge of each short pulse outputted by the flip-flop would set the monostable multivibrator (MM: 74HC221A) entering a transient state, whose duration is determined by the resisters and capacitors in the circuit. Each of the 14 output signals is amplified by an amplifiers (Amp: LM7171BIM) before being provided to each unit of the CRLH TL as the bias voltages ( , ) i V x t . The clock signal is a square wave with a period , while the trigger signal is a short pulse with a repetition rate of T , where T   . The trigger signal can trig the rising or the falling of the bias voltages from left to right on the transmission line, as shown in Supplementary Figure 4 is the schematic of the bias voltage profiles on the transmission line at different time under conditions indicated by II and IV. As we can see that the rising edge is moving from the first unit to the 14 th along with the time axis and the interval of each shift of the rising edge keeps the same with the period of the clock signal τ. The photograph of the reflective boundary controller is shown in Supplementary Fig. 5 .
S-II : Theoretical calculation
For a two-port network having the transmission matrix 
where 0 d is the length of the network and Bloch  is the propagation constant.
Applying equation (2) to (1), we have: 
In order to have nontrivial solution for 1 U and 1 I , it has to have:
Since ad 1 bc  for a reciprocal network, the propagation constant can be obtained as: The Doppler shift equations are:
where , , , , ,
are the frequencies of the reflective wave and incident wave, the Doppler shift, and the velocity of the moving reflective boundary, incident wave phase velocity and reflective wave phase velocity, respectively.
The CRLH TL unit is a cascade network with 12 elements as shown in Supplementary Fig. 1 
, f is the frequency of the incident wave and here 1 f  GHz.
2). The transmission matrices of the inductance in parallel and in series are:
3). The transmission matrices of the capacitor in parallel and in series are:
Since these 12 sections are cascade connected, we can obtain the final transmission matrix of this unit:
According to equations (5) and (6), we can obtain the phase velocity of the incident wave, 
where ij h is the element in row i and column j of transmission matrix H .
We can obtain the algebraic solution of the phase velocity and plot it in Supplementary Fig. 6 . It illustrates that the dispersion of the CRLH TL is linear in the measured Doppler shift rang ( 1.5  MHz) and the velocity varies slightly in this range.
Hence we have approximately
, which simplifies equation (7) to :
S-III : Properties of the moving reflecting boundary and the Doppler shift calculation
The Supplementary Fig. 10a is under the condition that the reflective boundary is moving away from the detector, hence the slope of the Doppler shift line is positive. The frequency is up-shifted on the red line, which represents the left-handed passband and the frequency is down-shifted on the blue line that indicates the right-handed passband, as the inverse and normal Doppler effects suggest in the first and fourth quadrants in Figure 4 . Similarly, Supplementary Fig. 10b tells the Doppler shifts when the reflective boundary is approaching to the detector, corresponding to the second and third quadrants in 
